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INTRODUCTION
Projectile fragmentation has become a favoured tool in experimental nuclear physics
for producing short-lived ‘exotic’ atomic nuclei located far from the valley of stability
[1, 2]. Isomer spectroscopy has been used together with in-flight separation to contribute
to our knowledge of the structure of heavy neutron-rich nuclei around 208Pb [2, 3]. The
presence of isomeric states in certain nuclei enables the study of their decay structure by
allowing time for the selection and separation of the nuclei of interest from other reaction
products. The current study focuses on isomeric states populated in heavy nuclei (close
to the valley of stability) produced in fragmentation.
EXPERIMENT
A 1 GeV A 238U beam was extracted from the SIS-18 heavy ion accelerator at GSI
Darmstadt (Germany) and impinged upon a 1.6 g/cm2 9Be target at high intensity
(∼ 2x109 particles per spill). Projectile-like fragments entered the projectile fragment
separator [4] which includes a wedge-shaped degrader placed between two sets of
dipole magnets. Fragments in the vicinity of 205Pb were selected according to their
magnetic rigidities (∝ A/Q) with additional selectivity in Z provided by the energy-
loss of fragments passing through the degrader. The A/Q of the selected fragments was
calculated using time-of-flight and position data from scintillator detectors placed at the
intermediate and final focal planes of the separator. The Z of the fragments was measured
using ionisation chambers located at the final focal plane. Fragments were implanted in
a catcher at the final focal plane which was surrounded by the RISING array [5] of
15 high-purity germanium cluster detectors. Delayed γ-rays emitted following the de-
excitation of isomeric states were observed in coincidence with nuclei stopped in the
catcher.
RESULTS
Typical A/Q spectra (gated on Z) obtained during the current study are shown in Fig.
1 where different Au, Tl and Rn isotopes are clearly resolved. Delayed γ-ray spectra
are shown in Fig. 2 together with the time spectra used to measure the isomeric half-
lives in 195Au, 201Tl and 215Rn. The time spectra show the number of counts (N, loge
scale) plotted against time (s) and have been fitted using a linear function. The gradient
of each function, corresponding to the decay constant λ (s−1), was obtained using
the χ2 minimisation method. Previously reported isomeric states were identified in 21
additional nuclei from Pt to Rn and experimental isomeric ratios (the fraction of nuclei
populated in an isomeric state relative to the total number of nuclei) were determined in
the majority of cases [6].
195Au. The 388 keV doublet (d.) and 718 keV transitions belong to a previously
observed γ-cascade from a 21/2+ state reported by Tjom et al [7], terminating at the
isomeric 11/2− proton-hole state. Recently Wang et al [8] placed a (29/2+) excited state
in 195Au (Ex=2.5 MeV) decaying via two sucessive E2 transitions at 481 and 167 keV to
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FIGURE 1. Histograms showing mass-to-charge (A/Q) ratio of nuclei produced in projectile fragmen-
tation of uranium, gated on atomic number (Z).
the 21/2+ state. The 167 and 481 keV γ-rays were previously reported prior to the study
by Wang et al ([7] and [9] respectively). In the current study (Fig. 2), peaks at 167 and
481 keV were both found to be in coincidence with the previously established γ-cascade
[7]. An isomeric state with t1/2 = 16
+8
−4 µs (τ ≈ 23 µs) has been identified as possibly
feeding the (29/2+) state reported in [8]. The summed time spectra of the 167, 388, 481
and 718 keV γ-rays were used for this measurement. We may infer that an unobserved
low-energy transition directly de-exciting the µs isomer may in part contribute to the
long half-life observed here.
201Tl. The majority of γ-rays observed here were previously reported by Slocombe et
al as belonging to a rotational band built on an oblate (9/2−) isomeric state [10]. How-
ever, not much information is provided on higher spin states. The highest (tentatively)
proposed excited state at 2.75 MeV decays via a 785 keV γ-ray to a (15/2−) state at 1.96
MeV [10]. This transition was observed in the current study but not in coincidence with
other known transitions in 201Tl, probably due to its low intensity. Four previously un-
reported transitions have been detected in this nucleus with energies 148, 158, 314 and
853 keV, each having a similar intensity and having been observed in coincidence with
known transitions in [10]. These γ-rays may follow the decay of a higher-lying isomeric
state with measured t1/2 = 0.095
+39
−21 µs (τ ≈ 140 ns).
215Rn. Debray et al have proposed a decay scheme for this nucleus up to a spin of
∼ 27/2 h¯ [11] which includes the majority of transitions observed in the current study.
Three new γ-rays have been identified at 287, 392 and 656 keV and the isomeric half-
life was measured to be 0.057+21
−12 µs (τ ≈ 80 ns). The new γ-rays were observed in
coincidence with known transitions in 215Rn [11] and have similar intensities. We may
expect the populated isomeric state to occupy a higher spin and excitation energy than
currently known i.e. > 27/2 h¯ [11].
Summary. New half-life measurements have been obtained for isomeric states in
195Au, 201Tl and 215Rn populated in the projectile fragmentation of uranium. New γ-
rays have been identified in 201Tl and 215Rn.
Acknowledgments. The expert assistance of the GSI technical staff is acknowledged.
The lead author is supported by the UK Science and Technologies Facilities Council
(STFC).
319
            	    
 	   	       	 	      	                       
      ﬀ   
       
  ﬁ ﬂ   ﬃ          ﬁ ! " " ﬁ   
      ﬃ     ﬁ    ﬃ "      "   ﬃ    # ﬁ   $       
0.0
20.0
40.0
60.0
80.0
100.0
120.0
 100  200  300  400  500  600  700  800
C
o
u
n
ts
 (
/k
eV
)
1
6
7
3
8
8
 d
.
4
8
1
7
1
8
t1/2=16-4 µs
195
Au
+8
0.0
20.0
40.0
60.0
 100  200  300  400  500  600  700  800  900
C
o
u
n
ts
 (
/k
eV
)
1
4
8
1
5
8 3
1
4
3
1
9
3
3
3
3
9
1
4
2
7 4
4
4
6
5
3
7
2
6
7
8
5
8
5
3
t1/2=95-21 ns
201
Tl
+39
0.0
20.0
40.0
60.0
80.0
100.0
120.0
 100  200  300  400  500  600  700
C
o
u
n
ts
 (
/k
eV
)
Energy (keV)
1
5
9
1
9
7
2
0
4
2
7
4
2
8
7
3
1
7
3
2
8
3
8
3
3
8
7
3
9
2
4
4
6
5
7
1
6
3
0
6
5
6
t1/2=57-12 ns
215
Rn
+21
0
2
4
0 5 10 15 20 25 30 35
N
 (
/1
µs
)
Time (µs)
0
2
4
0 50 100 150 200 250
N
 (
/1
2
n
s)
Time (ns)
0
2
4
0 50 100 150 200 250
N
 (
/3
n
s)
Time (ns)
FIGURE 2. Delayed γ-decay spectra associated with 195Au, 201Tl and 215Rn following the de-excitation
of excited isomeric states in these nuclei. Inset: time decay spectra showing half-life measurements for
each isomeric state.
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